Genome-based engineering of ligninolytic enzymes in fungi
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Table S1: Fungal ligninolytic enzymes that are involved in the degradation of lignin, pesticides, drugs or hydrocarbons and their mediators 

	Fungal Enzyme
	Cofactor or Substrate

	Lignin peroxidase, LiP
	H2O2, veratryl alcohol

	Manganese peroxidase, MnP
	H2O2, Mn, organic acid as chelator, thiols, unsaturated lipids

	Laccase, Lacc
	O2; mediators, for example, hydroxybenzotriazole or ABTS

	Versatile peroxidase (VP)
	Reactive Black 5

	Glyoxal oxidase (GLX)
	Glyoxal, methyl glyoxal

	Aryl-alcohol oxidase (AAO)
	Aromatic alcohols (anisyl, veratryl alcohol)

	Dye-decolorizing peroxidase (DyP)
	Reactive Black 5

	Chloroperoxidase (CPO)
	Amino alcohol

	Unspecific peroxygenase (UPO)
	Aryl-alcohol 

	Cellobiose hydrogenase (CDH)
	Ferrocene derivatives

	Glucose oxidase (GOX)
	Ferrocene derivatives

	Methanol oxidase (MOX)
	Ferrocene–methanol (12‐fold) and nitrosoaniline (8‐fold)

	Pyranose 2-oxidase (P2O)
	Ferrocene carboxylic acid; 2-ketoaldoses

	Vanillyl-alcohol oxidase (VAO)
	Vanillin, coniferyl alcohol and chiral aryl alcohols

	Galactose oxidase (GAO)
	Galactose and N-acetylgalactosamine

	Benzoquinone reductase (BQR)
	Quinone


ABTS = 2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)



Table S2: Fungal Ligninolytic enzymes and their reactions in mediator containing media
	Enzyme
	EC no. 
	Reaction

	Lignin peroxidase (LiP)
	1.11.1.14
	(3,4-Dimethoxyphenyl)methanol + H2O2 ⇒ 3,4-di-methoxybenzaldehyde + 2 H2O

	Manganese peroxidase (MnP)
	1.11.1.13
	2 Mn(II) + 2 H+ + H2O2 ⇒ 2 Mn(III) + 2 H2O

	Versatile peroxidase (VP)
	1.11.1.16
	(1) Reactive Black 5 + H2O2 ⇒ oxidized Reactive Black 5 + 2 H2O     
(2) Donor + H2O2 = oxidized donor + 2 H2O

	Laccase
	1.10.3.2
	[bookmark: _GoBack]4 Benzenediol + O2 ⇒ 4 benzosemiquinone + 2 H2O

	Dye-decolorizing peroxidase (DyP)
	1.11.1.19
	Reactive Blue 5 + 2 H2O2 ⇒ phthalate + 2,2′-disulfonyl azobenzene + 3-[(4-amino-6-chloro-1,3,5-triazin-2-yl)amino] benzenesulfonate + 2 H2O

	Chloroperoxidase (CPO)
	1.11.1.10
	RH + chloride + H2O2 ⇒ RCl + 2 H2O

	Unspecific peroxygenase (UPO)
	1.11.2.1
	RH + H2O2 ⇒ ROH + H2O

	Cellobiose hydrogenase (CDH)
	1.1.99.18
	Cellobiose + acceptor ⇒ cellobiono-1,5-lactone + reduced acceptor

	Aryl-alcohol oxidase (AAO)
	1.1.3.7
	Aromatic primary alcohol + O2 ⇒ aromatic aldehyde + H2O2

	Glucose oxidase (GOX)
	1.1.3.4
	β-D-Glucose + O2 ⇒ D-glucono-1,5-lactone + H2O2

	Methanol oxidase (MOX)
	1.1.3.13
	A primary alcohol + O2 ⇒ an aldehyde + H2O2

	Pyranose 2-oxidase (P2O)
	EC1.1.3.10
	D-Glucose + O2 ⇒ 2-dehydro-D-glucose + H2O2

	Vanillyl-alcohol oxidase (VAO)
	1.1.3.38
	Vanillyl alcohol + O2 ⇒ vanillin + H2O2

	Glyoxal oxidase (GLX)
	1.1.3.–
	RCHO + O2 + H2O ⇒ RCOOH + H2O2

	Galactose oxidase (GAO)
	1.1.3.9
	D-Galactose + O2 ⇒ D-galacto-hexodialdose + H2O2

	Benzoquinone reductase (BQR)
	1.6.5.6
	NADPH + H+ + p-benzoquinone ⇒ NADP+ + hydroquinone




Table S3: Example of some computation tools that can be used for pathway construction in fungi
	Category
	Name
	Database
	Search algorithm
	Supplementary Reference

	Graph-based
	ReTrace 
	KEGG
	Heuristic search
	[1] 

	
	PathComp  
	KEGG
	Depth-first search (DFS)
	[2]

	
	MetaRoute 
	KEGG
	Eppstein's k-shortest path             [3]

	
	Pathway Hunter Tool
	KEGG
	BFS with HOHL
	[4] 

	
	FMM
	KEGG
	BFS
	[5]

	
	RouteSearch
	MetaCyc
	Branch and Bound
	[6]

	
	MRE
	KEGG
	Yen's loopless k-shortest
path
	[7]

	
	CMPF
	KEGG, RPAIR
	Bounded depth path enumeration
	[8]

	
	NeAT
	MetaCyc
	Takahashie Matsuyama, Pairwise K-shortest paths, and k Walks
	[9]

	
	LPAT/BPAT
	KEGG
	BPAT-M Search
	[10]

	
	Rahnuma
	KEGG
	DFS
	[11]

	
	Metabolic Tinker
	CHEBI, Rhea
	Heuristic search
	[12]

	
	FogLight
	KEGG, MetaCyc
	Brute-force search
	[13]

	
	MRSD
	KEGG
	Eppstein's k-shortest path             [14]

	
	DESHARKY
	KEGG
	Monte Carlo
	[15]

	Stoichiometry based
	optStoic
	KEGG, MetRxn
	MILP
	[16]

	
	PathTracer
	BIGG, Ijo1366
	MILP
	[17]

	
	CFP
	BIGG
	MILP
	[18]

	
	METATOOL
5.0/kshortest FFM
	BIGG,
iAF1260
	MILP
	[19, 20] 

	
	OptStrain
	KEGG
	MILP
	[21]

	Retrosynthesis based
	Simpheny 
	BIGG
	Retrosynthetic enumeration
	[22]

	
	GEM-Path 
	BIGG, iJO1366
	Retrosyntheticenumeration
	[23]

	
	XTMS/
RetroPath/ RetroPath 2.0
	MetaCyc,
BioCyc
	Retrosynthetic enumeration and MILP
	[24-26] 

	
	BNICE
	KEGG,
ATLAS
	Retrosynthetic
enumeration
	[27] 

	
	UM-PPS 
	UM-BBD
	Retrosynthetic enumeration
	[28]

	
	PathPred 
	KEGG, RPAIR
	Retrosynthetic enumeration
	[29]

	
	Route Designer
	MOS, Beilste
	Retrosynthetic enumeration
	[30]

	
	SimIndex/ SimZyme
	BRENDA
	ByerseWaterman type pathway search
	[31]

	
	Method by Cho et al.
	KEGG
	Retrosynthetic enumeration
	[32]


Table adapted from Wang et al. (2017)

Further information 
Active Site Classification (ASC): http://asc.informatik.uni-tuebingen.de 
antiSMASH: http://antismash.secondarymetabolites.org 
Asmparts: http://soft.synth-bio.org/asmparts.html 
Biojade: http://web.mit.edu/jagoler/www/biojade/ 
BioMet Toolbox: http://www.sysbio.se/BioMet/ 
BioNetCAD: http://www.sysdiag.cnrs.fr/BioNetCAD/ 
CarbonSearch: http://www.kavrakilab.org/atommetanet 
CellDesigner: http://www.celldesigner.org 
CloneQC: http://cloneqc.thruhere.net 
Clotho: http://www.clothocad.org 
COBRA Toolbox: http://opencobra.sourceforge.net 
CycSim: http://www.genoscope.cns.fr/cycsim/ 
DESHARKY: http://soft.synth-bio.org/desharky.html 
DNAWorks: http://helixweb.nih.gov/dnaworks/ 
From Metabolite to Metabolite (FMM): http://fmm.mbc.nctu. edu.tw 
Gene Composer: http://www.genecomposer.net 
Gene Designer 2.0: https://www.dna20.com/genedesigner2/ 
GeneDesign: http://www.genedesign.org 
GenoCAD: http://www.genocad.org 
GLAMM: http://glamm.lbl.gov 
Integrated Microbial Genomes (IMG): http://img.jgi.doe.gov 
iPATH2: http://pathways.embl.de 
KEGG: http://www.genome.jp/kegg/ 
MultiGeneBlast: http://multigeneblast.sourceforge.net/ 
Optimizer: http://genomes.urv.cat/OPTIMIZER/ 
RBS Calculator: https://salis.psu.edu/software/ 
RBSDesigner: http://rbs.kaist.ac.kr 
Registry of Standard Biological Parts: http://partsregistry.org 
RetroPath: http://www.issb.genopole.fr/~faulon/retropath. php 
Standard Biological Parts knowledgebase: http://sbpkb. sbolstandard.org 
SurreyFBA: http://sysbio3.fhms.surrey.ac.uk/SurreyFBA.zip 
SynBioSS: http://synbioss.sourceforge.net 
TinkerCell: http://www.tinkercell.com 
WebGEC: http://lepton.research.microsoft.com/webgec/
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